Virus proteins after invading human body alter host protein-protein interaction networks, resulting in the creation of new interactions, along with destroying or modifying other interactions or proteins. Topological features of new or modified networks compromise the host system causing increased production of viral particles. The molecular basis for this alteration of proteins interactivity is short linear peptide motifs similar in both virus and humans. These motifs are identified by modular domains, which are the subunits of a protein, in the human body, resulting in stabilization or moderation of these protein interactions Protein molecules can be modeled by elastic network models showing the fluctuations of residues when they are biologically active. We focused our computational study on the binding and competing interactions of the E7 protein of HPV with Rb protein. Our study was 4. References: 1. Alberts IL, Todorov NP, D ean PM. Receptor flexibility in denovo ligand d esign and docking. J M ed Chem 2 005;48:658 5-6596. 2. Amadei, A, Linssen, A.B.M., and Berendsen, H.J.C., 1993. Essential dynamics of proteins. Proteins. 17:412-425.
based on analysis of dynamic fluctuations of E7 in host cell and correlation analysis of specific residue found in motif of LxCxE, that is the key region in stabilizing interaction between E7 and Rb. Hot spot residue of E7 were also identified which could provide platform for drug prediction in future. Nevertheless, our study validates the role of linear binding motifs LxCxE of E7 of HPV in interacting with Rb as an important event in propagation of HPV in human cells and transformation of infection into cervical cancer.
Introduction:
Our study was focused on analysis of interaction between viral oncoprotein E7 of Human Papilloma Virus (HPV) and human proteins, with use of computational methodology. Virus and cellular parasite proteins compete with host proteins for binding to mainitain the host protein-protein interaction (PPI) network, and alter these host interaction networks (Tournier &Quesnel-Hellmann, 2006; Sodhi et al., 2004; Dampier & Tozeren, 2007) . Deep insight into the mechanism of interaction between host proteins and virus proteins provides a platform for drug discovery against virulance optimization of treatment for drugs already being in use (Brass et al., 2008) . It is a challenge to study these interactions with the help of experiments due to involvement of about thirty thousand human proteins in proteome of a human (Roeth & Collins, 2006) . Computational approaches have aided in experimental verification by reduction in the number of host proteins to be analyzed.
Searching for PPIs between viral and human proteins was the method on which the hostpathogen interaction prediction methods were focused previously. Advancement occured by the discovery of probability that human PPI network is operated by the interaction between two protein domains, and this probability was used to investigate the likelihood that human and viral proteins interact given their domain profiles (Dyer et al., 2007) . In another method human and pathogen protein pairs were matched to proteins known to form complexes, and then these interaction candidates were filtered on the basis of expression data from pathogen and human (Davis et al., 2007) . Due to presence of few domains on HPV proteins, and difficulty in finding their structures by comparative modeling, it is hard for scientists to transform these techniques to interactions between HPV and human proteins. For example, two different protein structures were required for comparative modeling to find structures for the N-terminal and C-terminal domains of HPV and host (Lv et al., 2007) .
In present study, protein interactions interposed by short eukaryotic linear motifs (ELMs) on HPV proteins and human protein counter domains (CDs) known to interact with these ELMs were focused (Dinkel et al., 2016) . A number of recent publications have discussed the potential functional roles of interactions mediated by ELMs and their CDs in viral infection (Tonikian et al., 2008; Shelton & Harris, 2008; Kadaveru et al., 2008) . The HPV literature has shown the evidence that E7 for degradation of Rb tumour suppressor protein and related family members p107 and p130 , it interacts with these protein through a conserved motif LXCXE at its amino terminal Munger et al., 1989) . This experimental proof provides the motivation for systematic investigation of the association of motif/domain pairs with PPIs between virus and human proteins.
There is a well known characteristic of proteins is that they can exhibit various conformations in the neighborhood of their aboriginal conformation when folded, and these folded states are not rigid, but somewhat flexible (Frauenfelder et al., 1991) . These can usually be considered as fluctuations near equilibrium positions, called equilibrium fluctuations. Two other more specific classes of conformational transitions accompany these fluctuations: 1) localized conformational isomeric movements sometimes occurring near native state coordinates, particularly for R groups with rotatable bonds; and 2) large-scale changes: functional equilibriumstates in some proteins that could be two or more depending on the function of protein (Damaschun et al., 1999; Frauenfelder & McMahon, 1998) . Nevertheless, the most characteristic general fluctuations are usually small in magnitude, other than these two types, due to which all residues are to be considered to adopt a generic force constant for the interaction potential between all residue pairs close enough. New neutron sacattering experiments are in laboraotories to generate experimental values of these generic force constants, and that will provide a more precise method to find the values of these constants (Zaccai, 2000) . The magnitudes of fluctuations have been verified to be provided by GNM.
In the GNM there is no consideration of directions or 3-D characterisitics of movements of residues, all fluctuations are unexpressively assumed to be isotropic. Each residue is represented as N and protein molecule as a cluster of N sites, forming an ensemble of N having 1 independent mode. No involvement of 3D description which would show 3 N 6 modes instead of 1. It is necessary to keep in view the directions of collective movements of residues as they play a major role in biological functioning and mechanisms of interactions of proteins, so regarding the proteins, these fluctuations are anisotropic instead of being isotropic (Kuriyan et al., 1986; Ichiye & Karplus, 1987 ). It is not indeed possible to acquire an understanding of the mechanism of motion unless the fluctuation vectors, in addition to their magnitudes, are elucidated. This issue has been addressed by an advanced extension of the GNM, called the anisotropic network model (ANM). The development of the ANM has occured as an extension of a recent comparison of the results from MD simulations with the GNM for treating the anisotropy of fluctuations (Doruker et al., 2000) . The elastic network model is a coarse -grained approach that is used for investigating dynamics of protein machinary (Tirion, 1996; Bahar et al., 1997) . In these models single identical beads typically represent all amino acid residues of the protein, while empiric harmonic potentials depending only on the distance between any two beads mediate the interactions between them. A protein is studied as an elastic object in these models, having a network of beads connected through distortable elastic springs. These models have been validated being powerful in 
Methods:
The protein sequences of E7 protein were downloaded from UniProt (Pundir et al., 2017), having ID No.P03129. E7 was annotated with ELMs using the ELM resource (Dinkel et al., 2016) , using default settings except selecting the human for the species field. We got the list of ELMs found in the E7 matching the sequences of motifs in humans.
By using version 2016 of NMA tool ANM 2.1 (Eyal, 2015) the elastic networks of the E7 protein were modeled. A 3D structure of E7 was also constructed by using the web portal RaptorX (Ma et al., 2013) , by giving FASTA sequence of E7 downloaded from UniProt. This 3D structure was used as input to ANM2.1.
Elastic network models and graphs showing the fluctuations of amino acids in 20 different modes for E7 were used for analysis of interactions of E7 with Rb protein. 
Results and Discussion:

ELASTIC NETWORK MODELS OF E7:
Elastic network models were generated in 20 different modes of protein E7. The elastic network models are shown in figure 1 . The protein is shown to exhibit possible movement in respective mode.
Red coloured regions of protein chain represent the residue which show the maximum degree of fluctuation in each mode. 
Distance weights for force constants:
The plots of B factors of 20 modes of E7 are shown in Fig.3 . Graphs of Mode 3, 5, 7, 8, 12 & 16 show highest B factors in regions of motif LxCxE (Hinsen 1998 ). Which confirms their involvement in stabilizing the interaction with Rb protein.
Correlation Analysis of E7:
As it is very well explored elsewhere (Bahar et On the basis of above findings of dynamics fluctuations of E7, for the subset of Rb binding residues, we find that its hot-spot residues, whose perturbations lead to a significant changes in the fluctuations of Rb-binding residues, span an extensive network that not only interacts with Rb protein, but also stabilizes the interaction to create the cascade required in response. L 22, C24 and E26 of LxCxE motif are highly conserved residues of E7, which are found to be dynamically involve in interaction with Thr821 and Thr826 of Rb protein.
These key residues are proposed to mediate dynamical couplings and mutual modulations between the E7 and Rb protein.
Conclusion:
In this study we have investigated the dynamical mechanisms in E7 based on a simple elastic model. On the basis of the presence of a specific motif region in E7, that is involved in its interaction with Rb protein, in order to cause carcinogenicity by HPV, we have found the six different modes to dominate the observed changes, thus validating the application of ENM in Computer representation of receptor flexibility is a major consideration in the de novo design of small molecules inhibitors (Alberts et al., 2005). In particular, the ability to represent backbone changes taking place during allosteric motions has so far been unavailable. The demonstration of the potential of the ENM methods presented in this paper provides a promising approach, which will allow representations of backbone conformational changes whose consideration is important for drug-design purposes. 
